Little is known about the detailed anatomic location and somatotopic arrangement at the CP. Using DTT with FSL tools, we conducted an investigation of the anatomic location and somatotopic arrangement of the CST at the CP in the human brain.
T
he CP is a compact area into which many descending corticofugal tracts converge and pass through. [1] [2] [3] [4] Due to its anatomic characteristics, occurrence of a brain injury at the CP could result in severe neurologic deficits. 5, 6 Therefore, detailed clarification of the anatomy of the CP would be important for clinical neuroscience. The CST is the most important motor pathway in the human brain. Detailed knowledge of the somatotopy of the CST would be helpful in the establishment of scientific rehabilitative strategies, estimation of the rehabilitative period, establishment of guidelines for invasive procedures, and prediction of final outcome for patients with brain injury. Many previous studies have reported that the CST was located in the middle portion of the CP. 2, 3, [7] [8] [9] [10] [11] [12] However, some studies have provided slightly different data, suggesting that the CST was located in the mid-to-lateral portion of the CP. 1, 13, 14 As for the somatotopic arrangement of the CST at the CP, many neuroanatomy textbooks have shown mediolateral arrangement of somatotopies for the arm and leg. 2, 3 However, studies elucidating detailed somatotopic anatomy have been limited and somewhat controversial. 14, 15 Therefore, the exact anatomic location and somatotopic arrangement of the CST at the CP have not been clearly elucidated for easy application in the clinical field.
DTT, which is derived from DTI, provides the advantage of visualization and localization of the CST at the subcortical level in 3D. 16 Therefore, several DTT studies of the somatotopic anatomy of the CST in the human brain have been reported for the corona radiata, internal capsule, pons, and medulla. [17] [18] [19] [20] [21] [22] [23] [24] However, little is known about the detailed anatomic location and somatotopic arrangement of the CP. 14 In the current study, by using DTT, we attempted to investigate the detailed anatomic location and somatotopic arrangement of the CST at the CP in the healthy human brain.
Materials and Methods

Subjects
We recruited 43 right-handed healthy subjects (men, 21; women, 22; mean age, 31.02 years; range, 20 -50 years) with no previous history of neurologic, physical, or psychiatric illness. Handedness was evaluated by using the Edinburgh Handedness Inventory. 25 All subjects understood the purpose of the study and provided written informed consent before participation. The study protocol was approved by our local institutional research board.
Data Acquisition
DTI data were acquired by using a 6-channel head coil on a 1.5T Gyroscan Intera scanner (Philips Healthcare, Best, the Netherlands) with single-shot echo-planar imaging. 
Fiber Tracking
The FSL (www.fmrib.ox.ac.uk/fsl) was used for analysis of diffusionweighted imaging data. Head-motion effect and image distortion due to eddy currents were corrected by affine multiscale 2D registration. Fiber tracking was performed by using a probabilistic tractography method, based on a multifiber model and applied in the present study using tractography routines implemented in Functional Magnetic Resonance Imaging of the Brain Diffusion (5000 streamline samples, 0.5-mm step lengths, curvature thresholds ϭ 0.2). [26] [27] [28] CSTs for both the upper and lower extremities were determined by selection of fibers passing through both seed and target regions of interest. Seed regions of interest for the hand and leg were located in accordance with known anatomy (region of interest for the hand, the precentral knob; region of interest for the leg, the dorsomedial part [leg somatotopy] of the primary motor cortex). 22 The target region of interest was located at the pontomedullary junction of the CST (blue portion of the anterior pontomedullary junction on the BO map). 22 Additionally, we measured the dimensions of seed and target regions of interest.
Measurement of CST location
For each subject, the somatotopic location of the CST at the midbrain was evaluated as the highest probabilistic location in the 2 sections (in the upper midbrain, the superior colliculus can be seen in the axial image; and in the lower midbrain, the inferior colliculus can be seen in the axial image) (Fig 1) . The posterior boundary was determined by drawing a line from the interpeduncular fossa to the lateral sulcus; we then drew a rectangle on the basis of the boundary of the CP. As shown Fig 1, the double-headed arrow, a-a', was defined as the mediolateral direction of the upper and lower midbrain, and the doubleheaded arrow, b-b', as the anteroposterior direction.
Statistical Analysis
An independent t test by using the highest probabilistic location was performed for determination of variances between CSTs associated with the hand and leg at the upper and lower midbrain. Values of FA, MD, and tract volume were used in the performance of an independent t test for determination of variances between the right and left hemispheres. The dimensions of seed and target regions of interest were tested for normality. The significance level of the P value was set at .05.
Results
The Table shows the DTI parameters for the CST and locations of the CST at the CP. In the mediolateral direction, the highest probabilistic locations for the hand and leg were an average of 60.46% and 69.98% from the medial boundary at the upper midbrain level and 53.44% and 62.76% at the lower midbrain level, respectively. As for the anteroposterior direction, the highest probabilistic locations for the hand and leg were an average of 28.26% and 32.03% from the anterior boundary at the upper midbrain level and 30.19% and 33.59% at the lower midbrain level, respectively. The dimensions of seed and target regions of interest met the normality between subjects. In the seed regions of interest for the hand, the dimensions for the right and left were an average of 52.62 and 53.34, respectively, and 51.47 and 50.82 for the leg, respectively. As for the target regions of interest, the dimensions for the right and left were an average of 14.49 and 14.37, respectively. In terms of FA, MD, and tract volume, no significant differences were observed between hemispheres (P Ͻ .05). No significant differences were observed in the location of the anteroposterior direction between the hand and leg somatotopies (P Ͻ 0.05). In contrast, in terms of the location for the mediolateral direction, significant differences were observed between hand and leg somatotopies (P Ͻ .05).
Discussion
In the current study, we found that the hand somatotopy for the CST descended through the middle portion of the CP and that the leg somatotopy was located lateral to the hand somatotopy. In addition, we found that the somatotopies for the hand and leg were arranged horizontal to the line of the anterior boundary of the CP; however, the leg somatotopy was located slightly posterior to the hand somatotopy with the standard of the anterior boundary of the CP. We attempted to obtain useful data that could be easily applied in the clinical field. However, defining the anatomic boundary was difficult due to the anatomic variation of the CP, particularly the round anterior boundary of the CP. Therefore, we were obliged to adopt the line between the interpeduncular fossa and the lateral sulcus as the posterior boundary for a rectangle of the CP. Before development of DTI, a number of studies attempted to elucidate the location and somatotopic arrangement of the CST at the CP of the human brain by using the wallerian degeneration phenomenon on brain CT or MR imaging following brain injury, 7-12,29,30 direct brain stimulation study during surgery, 15, 31 or pedunculotomy for control of involuntary movements. 5, 6 Although there seems to be a general consensus that the CST occupies the middle portion of the CP and that the somatotopies for the arm and leg are arranged mediolaterally, some controversies still exist. Moreover, studies elucidating detailed anatomic information have been limited. 14, 15 Studies reporting that the CST was located in the middle portion of the CP have been a general trend [7] [8] [9] [10] 12 ; however, some textbooks or studies have suggested more specific data: the middle three-fifths, 3 middle half, 11 or middle two-thirds. 2 As for the somatotopic arrangement of the CST, by direct brain stimulation study during stereotactic surgery in more than 700 cases, Martinez et al (1967) 15 found unique data demonstrating an anteroposterior somatotopic arrangement from the face to the upper to the lower limbs rather than a mediolateral arrangement at the upper CP. We think that our results generally coincide with those of previous studies; however, our study revealed unique results showing that the hand and leg somatotopy for the CST was located in the mid-to-lateral portion of the CP and that the leg somatotopy was located slightly posterior to the hand somatotopy with the standard of the anterior boundary of the CP. 2, 3, [7] [8] [9] [10] [11] [12] 15 A few DTT studies have reported the location of CST in the CP. 1, 13, 14 In 2002, Mori and van Zijl 13 provided data suggesting that the CST was located in the mid-to-lateral portion of the CP. Subsequently, by using functional MR imaging and DTI, Newton et al (2006) 1 demonstrated the pathway of corticofugal fibers from multiple cortical motor areas to the CP. They found that the neural tracts from the primary motor cortex to the CP are located laterally at the CP. Recently, Park et al (2008) 14 also demonstrated that the CSTs were located in the mid-to-lateral portion of the CP and that the somatotopic arrangement for the hand and leg showed mediolateral orientation at the CP. Our results are also compatible with those of previous DTT studies; however, because these previous studies did not include detailed numeric data for anatomic location, as in our study, direct comparison is impossible. To the best of our knowledge, this is the first DTI study containing detailed numeric data that can be easily applied in the clinical field.
Conclusions
We found that the hand somatotopy for the CST was located at the middle portion of the CP and that the leg somatotopy was located lateral to the hand somatotopy. This result should be helpful to clinicians in the neuroscience field. However, it has a limitation in that we studied only hand and leg somatotopy, excluding evaluation of the CST for somatotopy of the face or trunk. Further studies to address this limitation are warranted. We believe that clinical correlation studies by using DTT will be necessary in the near future.
Results of DTI parameters for the CST and average locations of the highest probability point of the CST at the CP of the midbrain 
